The brain areas for the control of song are sexually dimorphic in the zebra finch (Poephila guttata). Implantation of estrogen in young females within the first 40 days after hatching masculinizes their brain song areas. Monoclonal antibody (H222Spy) against the estrogen receptor was used for the localization of estrogen-target cells in the brain. The nucleus hyperstriatum ventrale, pars caudale, was the only song control area that contained cells with estrogen-receptor sites. The number of these cells varied during ontogeny and declined sharply after day 40. No other song areas contained estrogen-target cells despite their ability to undergo masculine differentiation under the influence of estrogen. Therefore, the action of estrogen on these nuclei must be indirect.
atrophy and death in the female song nuclei and from an increase in cell size and number in the male (3) (4) (5) . Administration of estrogen to ajuvenile female finch induces male-like differentiation in her song nuclei (6, 7) . This estrogen-mediated differentiation is only inducible in a limited phase of ontogeny-from the first day of hatching to about day 40 (8) . The inductive action ofestrogens on cells is thought to be mediated by special intracellular receptor molecules (9) . Such cells can be identified and localized by immunocytochemical methods using monoclonal antibodies against the estrogen receptor (10). The present study investigates developmental changes in the number and distribution of estrogen-binding cells in and near the forebrain song nuclei [ventral nucleus of hyperstriatum caudal section (HVc) and robust nucleus of archistriatum (RA)] in the female zebra finch.
MATERIALS AND METHODS Comparison Between Estrogen Autoradiography and Estrogen-Receptor Immunocytochemistry. Because the antibody (H222Spy) used in this study was originally developed from human breast cancer cells (11, 12) , its ability to cross-react with the finch estrogen receptor was tested by comparison with estrogen autoradiography. Two adult male zebra finches were castrated, and 24 hr later each bird was injected intramuscularly with buffered formaldehyde in 0.9% saline, and finally with 10% ice-cold phosphate-buffered sucrose in 0.9% saline. Brains were removed and immersed in 30%o buffered sucrose before they were cut on a freezing microtome. Brains were cut into 30-,um parasagittal sections and collected in phosphatebuffered saline (PBS); sections were treated with 0.1% buffered Triton X-100 for 30 min. After sections were washed in PBS, they were immersed in 3% normal rabbit serum for 30 min before incubation in the primary antibody H222Spy (Abbott) (10 gg/ml in 0.1 M PBS) for 12 hr. The sections were washed again in PBS and then incubated in biotinylated secondary antibody (14 tl/ml in 0.1 M PBS) (Vector Laboratories, Burlingame, CA; no. 4004) for 1.5 hr. After the sections were washed, they were incubated in the Vectastain ABC reagent (Vector Laboratories; no. 4004) for 1 hr. The sections were then incubated for 7-10 min in the cromagen medium containing diaminobenzidine (0.2 mg/ml) and hydrogen peroxide (0.003%) and osmicated for visualization of antigen-antibody complex. Finally, sections were placed on gelatin-coated slides and covered with coverslips.
For control of the specificity of the staining, sample sections were stained by the same procedures except that the primary antibody was replaced by normal rat IgG, or the first, second, or third antibody was omitted, or hydrogen peroxide was omitted. In all these cases, no labeled cells were found.
The loci and numbers of labeled cells were determined under a Zeiss microscope with the aid of a camera lucida. Relevant sections were drawn and the position of each labeled neuron was marked. These sections were then counterstained with thionin and the borders of song nuclei were drawn. The drawings of antibody-labeled and thioninstained sections were superimposed on each other and the number of antibody-labeled neurons per area was counted. The size of the drawn areas was measured by a computeraided planimetric method. The volume of the tissue within the areas was derived from the above measurement. Neuron density was estimated on counterstained sections by counting neurons under high magnification with the aid of an ocular grid. The total neuron number per area was then derived from neuron density and the volume of the tissue. The numbers of antibody-labeled neurons were compared between age groups by a x2 test.
Because the proportion of antibody-labeled neurons to all neurons was small, minor variation in cell count in an area
RESULTS
The distribution of antibody-labeled neurons in the brain of juvenile zebra finches was similar to the adult pattern described elsewhere (10) . The Fig. 2 shows antibody-labeled neurons in the hypothalamic areas of a 50-day-old female zebra finch.
Among the song control nuclei of juvenile female zebra finches, the HVc is the only nucleus that contained antibodylabeled neurons (Fig. 3) . A large number of antibody-labeled neurons were found in the mediocaudal telencephalon that includes the HVc. Many antibody-labeled neurons occurred near the border between the HVc and the caudale neostriatum. It was sometimes difficult to decide by cytoarchitectonic criteria whether such neurons belonged to the HVc. Therefore, for ease of comparison between different age groups, we divided the mediocaudal telencephalon into two areas: HVc itself and a 100-,um zone surrounding the HVc.
When a neuron could not be placed inside or outside the HVc, it was regarded as belonging to the surrounding area.
Antibody-labeled neurons were not homogenously distributed in the HVc but were found predominantly in the mediocaudal part of the nucleus. Thus, the number of labeled neurons in certain parts was much higher than the average numberof labeled neurons forthe whole nucleus. The highest number of labeled neurons was found in 30-day-old birds (Table 1) (Fig. 3) .
The median number of antibody-labeled neurons in the HVc was not different between 20-, 30-, and 40-day-old Am.) females but declined significantly between day 40 and day 50 (P < 0.01, x2 test). This decrease coincided with a 30%o reduction in the HVc neuron number and a 30%6 decrease in the HVc volume from day 40 to 50. At all ages the number of antibody-labeled neurons in the HVc surround of females was higher than in the nucleus itself; the highest number in the surround was again found at day 30. These neurons were located around the mediocaudal part of the HVc, resulting in a higher local concentration of labeled neurons there. The decrease of labeled neurons in the HVc surround after day 40 was less conspicuous than in the nucleus, so that the total numbers of labeled neurons in this area at days 40, 45, and 50 were still significantly (P < 0.01) larger than in that of the adult female (Fig. 3) . DISCUSSION Siegel et al. (13) , using DNA-cellulose chromatography, showed that the forebrain of male and female zebra finches contains androgen and estrogen receptors. Walters and Harding (16), using microdissected tissue, assayed estrogen receptors in four of the forebrain song nuclei in castrated Neurons of all forebrain song nuclei undergo masculine differentiation in response to estrogen treatment (6, 7) . Yet only the HVc region contains estrogen-absorbing neurons in juvenile female zebra finches. These findings suggest indirect mechanisms for estrogen action in forebrain nuclei other than the HVc. Estrogen-target cells elsewhere may produce a substance that acts on neurons of other nuclei. Also, the cascading effects of differentiation in the HVc may spread to other nuclei by direct and indirect connections. For example, when the afferents to the RA of a 15-day-old male finch are cut, the nucleus on the operated side undergoes atrophy, whereas the one on the other side grows normally (19) . A well-established case of indirect action of hormone on neurons is found in the androgen-dependent neuronal differentiation of the bulbocarvanosus nucleus of the rat spinal cord. The differentiation ofthese neurons appears to be maintained indirectly by the action of androgen on the muscles they innervate (20, 21) . Thus, within the nervous system the primary site of hormone action can be remote from the site of cellular differentiation.
